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Abstract

Rationale: Chronic obstructive pulmonary disease (COPD) is a common comorbidity among patients with lung cancer, and an
important determinant of their outcomes, however, it is commonly underdiagnosed.

Objective: Our objective was to estimate the prevalence of COPD among a cohort of U.S. lung cancer patients, the timing of a COPD
diagnosis relative to their lung cancer diagnosis, and the association between an earlier diagnosis of COPD and stage of lung cancer,
with consideration of patient sociodemographic modifying factors.

Methods: We conducted an analysis of the Medicare-linked Surveillance, Epidemiology, and End Results database including patients
aged 68+ years who were diagnosed with lung cancer between 2008 to 2017. Exposure: Prevalence of COPD was identified using
claims and subclassified based on the timing of its diagnosis relative to the lung cancer diagnostic episode— “preexisting” if diagnosed
> 3 months before lung cancer, and “concurrent” if diagnosed around the same time as the lung cancer (+/-3 months). Outcome:
The stage of cancer at diagnosis (carly versus late) was the outcome.

Results: Among 159,542 patients with lung cancer, 73.5% had COPD. Among those with COPD, 34.4% were diagnosed within
3 months of their lung cancer diagnosis and considered to have "concurrent COPD." We observed a positive association between
preexisting COPD diagnosis and early-stage lung cancer (prevalence ratio=1.27; 95% confidence interval=1.23-1.30), in adjusted
models which were stronger for male, non-Hispanic Black, and Hispanic patients.

Conclusion: Seven out of 10 patients with lung cancer have COPD, however, many do not receive their COPD diagnosis until around
the time of their lung cancer diagnosis. Among these patients, an early COPD diagnosis may improve early detection of lung cancer.
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Introduction

Lung cancer is the most common cause of cancer-related death
worldwide.! The 5-year survival of lung cancer ranges between
62% for early-stage disease to 8% for late-stage, with important
disparities among racial minorities in the United States.l
Survival from lung cancer depends on tumor type, access to
care, and preexisting comorbidities.Z3 Chronic obstructive
pulmonary disease (COPD) is a common comorbidity among
patients with lung cancer and an independent risk factor for
lung cancer regardless of smoking history.4 Previous studies
reported that the annual incidence of lung cancer is ~5 times
higher among patients with COPD compared to the general
population.> Further, severe COPD is a competing cause of
death among patients with lung cancer.® Both diseases are
frequently diagnosed among older adult populations when
patients are more likely to be frail, impacting their treatment
tolerance, quality of life, and survival.” Therefore, several
studies811 have emphasized the importance of including
COPD in risk prediction models to improve ongoing efforts
for diagnosis of lung cancer at an early stage where curable
treatment is available, and quality of life as well as survival are
boosted.

However, COPD is frequently underdiagnosed in the general
population, among participants in lung cancer screenings,
and patients with new lung cancer diagnoses.1213 Reports
from previous studies showed that underdiagnosis of COPD is
higher among populations at high risk to develop and die from
lung cancer such as racial minorities and populations with a
low socioeconomic status (SES) in the United States.1415 Non-
Hispanic Black (NHB) populations are less likely to have a COPD
diagnosis regardless of the severity of airflow obstruction,16
and more likely to develop lung cancer at younger ages and less
smoking intensity compared to non-Hispanic White (NHWS)
populations.1? Low SES has been shown to be associated with a
greater risk of both COPD and lung cancer.18

Little is known about prevalence and timing of COPD
diagnoses among patients with lung cancer and across different
racial and SES backgrounds in the United States. Further, there
is lack of evidence about whether a preexisting COPD diagnosis
is associated with earlier-stage lung cancer at diagnosis.1?
Therefore, in the present study we sought to estimate the
prevalence of a COPD diagnosis among patients diagnosed with
lung cancer, the timing of a COPD diagnosis relative to the start
of their lung cancer diagnostic episode, and, among those with
both COPD and lung cancer, the association between timing of a
COPD diagnosis and lung cancer stage at diagnosis.
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Methods

Data Source

We wused the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) linked to Medicare fee-for-
service (FFS) insurance claims data from the Centers for Medicaid
and Medicare Services. The SEER-Medicare data reflects linkage
of 2 large population-based sources of data to provide detailed
information about Medicare beneficiaries with cancer. We used
the SEER database which includes data from 21 cancer registries
and represents approximately 40% of the U.S. population.20
The SEER tumor registry file includes patient sociodemographic
and tumor characteristics. The Medicare claims file includes
all details of reimbursed health care services that occurred in
different settings (e.g., hospitals, physician offices, outpatient
clinics) from the time of the patient’s Medicare enrollment until
disenrollment or death.

Study Population

The study population included Medicare beneficiaries who
were diagnosed with primary invasive lung cancer between
2008 to 2017. To ensure we captured all relevant prediagnostic
health care utilization in the Medicare FFS claims, patients were
included if they had continuous enrollment in Medicare Parts
A and B without health maintenance organization coverage
in the 36 months before diagnosis until 3 months after lung
cancer diagnosis (or until death). Given the typical start of
Medicare coverage at age 65 years in the United States and our
requirement of 3 years of continuous enrollment to reduce
COPD misclassification,21 we included patients 68 years of age
and older. We excluded patients who were diagnosed at autopsy/
death certificate, had lung cancer staged in situ, had a previous
history of cancer, or were younger than 68 years old at diagnosis
(Supplementary Figure E1 in the online supplement).

Index Date

To characterize the health care episode in which the lung cancer
was first detected, we used a published and validated algorithm?22
that identifies the earliest International Classification of Diseases
(ICD)-9th and 10 Revisions claim code associated with lung
cancer within +/- 1 month of the SEER diagnosis month. This
“index date” approximates the start of the cancer care episode,
i.e., when care delivery for the suspected lung cancer began. If
no Medicare claims were found within +/- 1 month of the SEER
diagnosis month, the index date was imputed as the 15th day of
the SEER month.

COPD Diagnosis and Timing

We used a validated claims-based algorithm?3 to identify the
occurrence of 1 or more COPD diagnosis codes (ICD-9 491,
491.2, 492, 496 and ICD-10 J40,J41,J43.0, J43.1, J43.2, J43.8,
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J43.9, J44) from all Medicare claims in the 36 months before,
to 3 months after, the index date. We further classified COPD
based on its timing relative to the lung cancer diagnostic episode.
Patients whose earliest COPD-related claims occurred during
the lung cancer peri-diagnosis period, -3 to +3 months around
the index date, were classified as having “concurrent COPD”;
all others were classified as having “preexisting COPD”. This
framing reflects our hypothesis, that some patients might not
receive their COPD diagnosis until after the start of the lung
cancer diagnostic episode, i.e., during pretreatment evaluation
of lung cancer (e.g., pulmonary function testing). It also reflects
precedent for defining the “peri-diagnosis” period in health care
utilization data2425 (Figure 1).

Outcome

We used the SEER summary stage to classify lung cancer stage at
diagnosis into localized, regional, or distant. Further, we used the
Tumor, Node, Metastasis Staging System (8th edition) from the
American Joint Committee on Cancer to classify the SEER stage
into early (localized SEER stage) versus late stage (regional and
distant SEER stage).26 The outcome of interest was early-stage
versus late-stage lung cancer at diagnosis

Covariates

We examined sociodemographic characteristics from the SEER
registry including:

1. Age at lung cancer diagnosis;
2. Sex (female/male);

3. Race and ethnicity categorized as NHW, NHB, Hispanic,
American Indian/Alaskan Native (AIAN), Native Hawaiian
or Pacific Islander (NHPI), Asian American, mixed race
and other race;

Marital status (married/partnered versus not);

Census-tract indicators of SES (Yost U.S.-based quintile)
and poverty27;

County rurality (metro, urban, rural);
SEER registry region (East, South, Midwest, West);
8. Year of lung cancer diagnosis (2008-2017).

Tumor characteristics included histology: non-small cell
lung cancer (NSCLC), small cell lung cancer (SCLC), and
other invasive lung cancer, and tumor stage using SEER
summary stage.

Clinical characteristics from Medicare claims included
health care utilization including frequency of inpatient stays,
outpatient, and emergency department visits in the year
prior to the index date. We used a case definition algorithm
to identify the occurrence of an acute exacerbation of
COPD (AECOPD) in the year before the index date as per the
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following: one or more occurrences of diagnosis codes (ICD-
9 518.81, 518.82, 518.84, 786.09,799.1, 491.21, 491.22
or ICD-10 J44.1). We estimated comorbidity burden using
the Klabunde modified Charlson Comorbidity Score Index
(CCDN 28 using claims in the 12 months before the index date,
classifying patients into 4 groups (0, 1, 2, 3+) based on the
comorbidity score for each patient. Our comorbidity score
excluded COPD so we could compare patients with and
without COPD.

Statistical Analysis

We calculated descriptive statistics of sociodemographic,
clinical, and tumor characteristics comparing lung cancer
patients with and without COPD and based on timing of
a COPD diagnosis (preexisting versus concurrent) relative
to the index date. We used generalized linear models with
Poisson distribution and identity link (to estimate prevalence
difference [PD]) and log link (to estimate prevalence ratio
[PR]) and corresponding 95% confidence intervals (CIs) for
the association between a preexisting (versus concurrent)
COPD diagnosis with early (versus late) lung cancer stage at
diagnosis among patients with COPD only. We fit 2 models:
age adjusted and a fully adjusted model for age, sex, area-
level SES, year of diagnosis, SEER region, CCI, and frequency
of health care utilization. We did not adjust for race in
our regression models to avoid ignoring its discriminatory
effect on the association,2? but instead we reported PD
and PR across all measured race and ethnicity groups.
We also conducted subgroup analysis to examine possible
modification of the association by sex, race and ethnicity,
and SES using the same method reported above for the main
association PD and PR. We considered p-value <0.3 to be
sufficient to reject the null hypothesis for the subgroup
analyses.

All analyses were conducted using SAS, version 9.4
(SAS Institute Inc, Cary, North Carolina). This study was
reviewed and approved as exempt by the University of
North Carolina at Chapel Hill Institutional Review Board
(#22-2998). We followed the "Strengthening the Reporting
of Observational Studies in Epidemiology" guidelines for
reporting observational studies.30

Results

Our final study sample included 159,542 patients with
lung cancer diagnosed between 2008 and 2017 (Figure 2).
The mean age (SD) was 77.6 (6.6) years, the population
has slightly more females (51.5%) than males, 85% of
patients were NHWs, 6.7% were NHBs, 3.8% were Hispanic,
3.8% were Asian, 0.3% were AIAN and 0.2% were of NHPI
race and ethnicity. Reflecting the SEER regions, 83.4% of
patients were residents of metropolitan areas, 22.4% lived
in areas of highest poverty, and 16.5% lived in the lowest
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Figure 1. Logical Model for Identifying COPD and Its Diagnosis Timing Relative to Lung Cancer
Diagnosis in Surveillance Epidemiology and End-Medicare Database
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" SEER=Surveillance, Epidemiology, and End Results database; COPD=chronic obstructive pulmonary disease

SES neighborhood quantile. Lung cancer was diagnosed at
an early stage for 21.5% of patients, 79.6% were diagnosed
with NSCLC, while 11.1% had SCLC (Table 1).

A total of 117,202 (73.5%) of our study patients had
evidence of a COPD diagnosis in the 36 months prior to 3
months after their index date. Compared to patients without
COPD, patients with COPD were more likely to be younger,
male, more NHWs (86.3% versus 81.5%), less NHBs (6.7%
versus 7%), less Hispanic (3.5% versus 4.6%), and more likely
to live in poverty and in low SES neighborhoods. Clinically,
they were more likely to have 3 or more comorbidities
other than COPD (19% versus 11.7%), more health care
utilization related to any medical condition at inpatient,
outpatient, and emergency department settings, and more
likely to get diagnosed with early-stage lung cancer (22.7%
versus 18%) compared to patients without comorbid COPD
(Table 1).

Among 117,202 patients with comorbid COPD and
lung cancer, 76,872 (65.6%) had a preexisting COPD
diagnosis (evidence of COPD-related health care utilization
>3 months before index date), while 40,330 (34.4%) had
a concurrent COPD diagnosis (evidence of COPD-related

health care utilization only during the +/-3 months from
the index date). Patients with a preexisting COPD diagnosis
were more likely to be older, female, NHWSs, and had a
lower area level SES. Clinically, they had more comorbidities
other than COPD, more health care utilization related to any
medical condition at inpatient, outpatient, and emergency
department settings, more AECOPDs, and they were more
likely to get diagnosed with early-stage lung cancer (24.9%
versus 18.6%) compared to patients with a concurrent
COPD diagnosis (Table 2).

Association Analysis

We observed a positive association between a preexisting (versus
concurrent) COPD diagnosis and early-stage (versus late-stage)
lung cancer at diagnosis. The age-adjusted PR (95% CI) was 1.34
(1.31 to 1.38) and PD (95% CI) was 0.063 (0.057 to 0.069). The
association persisted after adjusting for age, sex, area-level SES,
CClI, health care utilization during one year before lung cancer
diagnosis, year of cancer diagnosis, and SEER registry region;
fully adjusted PR (95%) CI was 1.27 (1.23 to 1.30) and fully
adjusted PD was 0.048 (0.040 to 0.055) (Table 3).
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Figure 2. Consort Diagram of the Study Population
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Subgroup (Effect Measure Modification) Association
Analyses

We observed some heterogeneity in the association between
the timing of a COPD diagnosis and the stage of lung cancer
at diagnosis across patient groups by race and sex. On the
additive scale, the adjusted PD (95% CI) for NHWs was 0.048
(0.040 to 0.057), while the PD for Hispanics was 0.084 (0.049
to 0.120), and the difference in PDs (interaction contrast)
between Hispanics and NHWs was 0.036 (-0.0002 to 0.072).
On the multiplicative scale, the adjusted PR for NHBs was 1.37
(1.22 to 1.54), while the PR for NHWs was 1.26 (1.22 to 1.30)
and the ratio of NHBs to NHWs PRs was 1.11 (0.94 to 1.30).
The adjusted PR (95% CI) for males was 1.33 (1.28 to 1.39),
while for females was 1.21 (1.16 to 1.26), and the ratio of male
to female PRs (95% CI) was 1.09 (1.04 to 1.16). In addition,
there was some heterogeneity observed across patient groups by
census-tract level of SES (Yost U.S.-based quintile) (Supplemental
Table 1 in the online supplement) (Figures 3, 4).

Discussion

The present study responds to several calls?10.3132 for
population-based evidence regarding the underdiagnosis
of COPD among patients with lung cancer in the United
States. We studied prevalence and diagnosis timing of COPD
relative to the start of the lung cancer diagnostic episode,
approximated by an index date, among older Medicare

beneficiaries with lung cancer. We found that three-quarters
of patients with lung cancer had comorbid COPD, of whom
two-thirds had a COPD diagnosis at least 3 months before
their lung cancer diagnosis (preexisting COPD), while the
remainder had their COPD diagnosis around the time (-/+3
months) of their lung cancer diagnosis. Among patients
with comorbid COPD and lung cancer, a preexisting COPD
diagnosis was positively associated with early-stage lung
cancer diagnosis, particularly among Hispanics and NHBs
(compared to NHWs) and for males (compared to females).

Previous estimates2533.34 of a comorbid COPD
diagnosis among patients with lung cancer varies widely
between 20% to 90%. This might be due to inconsistent
diagnostic indicators of COPD used across practices where
COPD is often self-reported or electronic health records
documented without evidence of obstructive pulmonary
function testing.3% In the present study, more than one-
third of patients with comorbid COPD and lung cancer
did not have evidence of their COPD diagnoses until +/-3
months of a lung cancer diagnosis. There is a scarcity of
data about the timing of a COPD diagnosis relative to a
lung cancer diagnosis in the United States, however, a few
studies from other countries reported a high rate of COPD
underdiagnosis at the time of lung cancer diagnosis. A recent
study of administrative data linked to a cancer registry from
Canada observed that 18.5% of patients were undiagnosed
with COPD until +/-3 months of a lung cancer diagnosis.
They reported 30% lower odds of a late-stage diagnosis among
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Table 1. Sociodemographic, Clinical, and Tumor Characteristics of Patients Diagnosed With Lung Cancer With

‘and Without COPD
Characteristics Overall Lung Cancer With Comorbid Lung Cancer Without
COPD Comorbid COPD
N (Col%) N (Col%) N (Col%)
All Patients, N (%) 159,542 (100) 117,202 (73.5) 42,340 (26.5)
Age (at time of cancer diagnosis)
Mean (SD) 776 (6.6) 77.2(6.3) \ 785(7.1)
Groupings, N (%)
68-69 16,513 (10.4) 12,374 (10.6) 4139 (9.8)
70-74 44,036 (27.6) 33,664 (28.7) 10,372 (24.5)
75-79 40,748 (25.4) 30,914 (26.4) 9834 (23.2)
80-84 32,101 (20.1) 23,358 (19.9) 8743 (20.7)
85+ 26,144 (16.4) 12,374 (10.6) 9252 (21.9)
Sex
Female 83,793 (51.5) 59,282 (50.6) 22,807 (53.9)
Male 77,453 (48.5) 57,920 (49.4) 19,533 (46.1)
Race and Ethnicity
Non-Hispanic White 135,665 (85) 101,176 (86.3) 34,489 (81.5)
Non-Hispanic Black 10,680 (6.7) 7721 (6.6) 2959 (7)
Hispanic 6036 (3.8) 4104 (3.5) 1932 (4.6)
Asian American 5988 (3.8) 3395 (2.9) 2593 (6.1)
American Indian or Alaskan Native 528 (0.3) 381(0.3) 147 (0.4)
Native Hawaiian or another Pacific Islander 390(0.2) 261(0.2) 129 (0.3)
Multiracial 72(0.1) 44 (0.04) 28(0.1)
Unspecified /lUnknown Race? 183 120 63
Marital/ Partner Status
Yes 54,473 (48.9) 39,586 (47.8) 14,887 (52)
No 56,981 (51.1) 43,251 (52.2) 13,730 (48)
Unknown? 48,088 34,365 13,723
Residence
Metro 133,092 (83.4) 96,427 (82.3) 36,665 (86.6)
Urban 23,400 (14.8) 18,273 (15.6) 5127 (12.1)
Rural® 3050 (1.9) 2495 (2.1) 545 (1.3)
SEER Registry Region
East 64,156 (40.2) 46,493 (39.7) 17,663 (41.7)
South 34,700 (21.8) 27,611 (23.6) 7089 (16.7)
Midwest 14,491 (9.1) 11,048 (9.4) 3443 (8.1)
West 46,195 (29) 32,050 (27.4) 14,145 (33.5)
% Poverty Indicator Census Tract (Quartiles)
Highest Poverty Rate (20% to 100%) 32,559 (22.6) 22,622 (21.6) 9937 (25.4)
Upper Middle Poverty Rate (10% to<20%) 39,243 (27.3) 27,919 (26.6) 11,324 (28.9)
Lower Middle Poverty Rate (5% to <10%) 43,657 (30.3) 32,535 (31) 11,122 (28.4)
Lowest Poverty Rate (0% to <5%) 28,498 (19.8) 21,743 (20.7) 6755 (17.3)
Unknown? 15,585 12,383 3202
Neighborhood SES (U.S.-based Quantile)
Lowest SES 24,936 (16.2) 19,768 (17.5) 5168 (12.8)
Lower Middle SES 27,336 (17.8) 21,221 (18.8) 6115 (15.1)
Middle SES 29,190 (19) 21,869 (19.4) 7294 (18)
Upper Middle SES 33,826 (22) 24,393 (21.6) 9433 (23.3)
Highest 38,272 (25) 25,856 (22.9) 12,517 (30.9)
Unknown? 5881 4068 1813
Modified Charlson Comorbidity Score Index (COPD is excluded)°
0 73,364 (46) 50,054 (42.7) 23,310 (55.1)
1 37,635 (23.6) 28,298 (24.1) 9337 (22.1)
2 21,291 (13.4) 16,560 (14.1) 4731 (11.2)
3+ 27,252 (17.1) 22,290 (19) 4962 (11.7)

(Continued on next page)
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Health Care Utilization in the One Year Before Lung Cancer Diagnosis, Number of Visits Mean (SD)

Emergency Department Visit-Days 0.9(1.6) 1(1.8) 0.6(1.1)

Outpatient Visit-Days 26.3 (24.7) 27.8 (25.7) 22.1(21.3)

Inpatient Days 05(1) 0.6 (1.1) 0.3(0.7)
Cancer Diagnosis Year

2008-2012 84,978 (53.3) 62,441 (53.3) 22,537 (53.2)

2013-2017 74,564 (46.7) 54,761 (46.7) 19,803 (46.8)
Tumor Histology

Non-small Cell Lung Cancer 126,961 (79.6) 92,205 (78.7) 34,756 (82.1)

Small Cell Lung Cancer 17,711 (11.1) 14,177 (12.1) 3534 (8.4)

Other Lung Cancer 14,870 (9.3) 10,820 (9.2) 4050 (9.5)
SEER Summary Stage

Localized 32,271 (21.5) 25,121 (22.8) 7150 (18)

Regional 34,887 (23.2) 27,199 (24.6) 7688 (19.3)

Remote 83,068 (55.3) 58,106 (52.6) 24,962 (62.7)

Unknown? 9316 6776 2540
Early vs. Late Stage at Diagnosis

Early Stage 32,271 (21.5) 25,121 (22.8) 7150 (18)

Late Stage 171,955 (78.5) 85,305 (77.2) 32,650 (82)

Unknown? 9316 6776 2540
Source of Index Date

Earliest Lung Cancer-Related Claim 142,798 (89.5) 106,993 (91.3) 35,805 (84.6)

Imputed as 15th of the SEER Month 16,744 (10.5) 10,209 (8.7) 6535 (15.4)

aUnknown / missing data were not included in calculations of percentage.

DNumber of patients with unknown recorded residence were less than 11 and thus were added to the rural category without changing the category percentage.

CCOPD was excluded from the CCl to compare between patients with and without COPD.

COPD=chronic obstructive pulmonary disease; SD=standard deviation; SEER=Surveillance, Epidemiology and End Results; SES=socioeconomic status; CCl=Charlson Comorbidity Score Index

patients with COPD, especially those with a preexisting COPD
diagnosis.25 In a study from Spain, 60% of patients had
their COPD diagnosed less than 6 months before their lung
cancer diagnosis.3% In another study from Spain, 71.5%
of patients had their COPD diagnosed around the time of
their lung cancer diagnosis.3¢ A study from China reported
a very high rate (93%) of COPD underdiagnosis at the time
of lung cancer diagnosis.37 Some of these studies reported a
higher proportion of early-stage lung cancer among patients
with a preexisting COPD diagnosis, but only one25 of them
quantified the association between timing of a COPD
diagnosis and the stage of lung cancer at diagnosis.

Our adjusted models indicated a positive association
between a preexisting COPD diagnosis and early-stage lung
cancer at diagnosis among patients with both conditions.
Patients with a preexisting COPD diagnosis had several
characteristics that may have increased their chance of
health care encounters, and accordingly early-stage lung
cancer, such as being female, NHW, suffering from more
comorbidities and AECOPDs, and having higher health
care utilization at inpatient, outpatient, and emergency
department settings before a lung cancer diagnosis
compared to patients with a concurrent COPD diagnosis.
These characteristics are frequently associated with a higher
incidence of early-stage lung cancer through symptomatic
or incidental diagnosis, or through participation in a lung
cancer screening.38

Our subgroup analyses revealed that males, Hispanics,
and NHBs were more likely to have an early-stage lung
cancer diagnosis when they had preexisting COPD
compared to women and NHWSs. These findings are critical
because racial minorities have higher incidence, late-stage
at diagnosis, and mortality from lung cancer, compared
to NHWs in the United States.1139-41 Lung cancer is the
leading cause of death among NHBs and Hispanic men and
the second leading cause of death among Hispanic women.42
Moreover, several studies have reported substantial racial
disparities with COPD diagnoses among Black populations
in the United States. In a cross-sectional analysis of the
COPD Genetic Epidemiology (COPDGene®) study, NHBs
had a higher chance of undiagnosed COPD regardless of
the severity of airflow limitation compared to NHWs.16 For
sex differences, several studies reported that men are more
likely to have a concurrent COPD diagnosisl® and late-stage
lung cancer diagnosis compared to women.43

Several factors might explain underdiagnosis of
COPD such as nonspecific COPD symptoms that are often
unrecognized or attributed to advancing age or smoking
by the patient** or overlooked by the health care provider
who is focusing on management of other health conditions
commonly cooccurring in elderly populations.#> Further,
underutilization of spirometry to confirm COPD diagnoses
in primary care settings might affect the consistency of
COPD diagnosis and management.35 In the context of
lung cancer, the underdiagnosis of COPD might have
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Table 2. Sociodemographic, Clinical, and Tumor Characteristics of Patients With Preexisting Versus

:Concurrent COPD Diagnosis Relative to Lung Cancer Diagnosis

Lung Cancer With Concurrent

Characteristics Overall Lung Cancer With Preexisting
COPD Diagnosis COPD Diagnosis
N (Col%) N (Col%) N (Col%)
All Patients, N (row%) 117,202 (73.5) 76,872 (65.6) 40,330 (34.4)
Age (at time of cancer diagnosis)
Mean (SD) 77.2 (6.3) 774 (6.3) \ 77 (6.3)
Groupings, N (%)
68-69 12,374 (10.6) 7718 (10) 4656 (11.5)
70-74 33,664 (28.7) 21,694 (28.2) 11,970 (29.7)
75-79 30,914 (26.4) 20,531 (26.7) 10,383 (25.8)
80-84 23,358 (19.9) 15,545 (20.2) 7813 (19.4)
85+ 16, 892(14.4) 11,384 (14.8) 5508 (13.7)
Sex
Female 60,722 (50.4) 39,655 (51.6) 19,627 (48.7)
Male 59,721 (49.6) 37,217 (48.4) 20,703 (51.3)
Race and Ethnicity
Non-Hispanic White 103,887 (86.3) 67,239 (87.5) 33,937 (84.2)
Non-Hispanic Black 8079 (6.7) 4693 (6.1) 3028 (7.5)
Hispanic 4225 (3.5) 2508 (3.3) 1596 (4)
Asian American 3422 (2.8) 1910 (2.5) 1485 (3.7)
American Indian or Alaskan Native 396 (0.3) 145 (0.2) 109 (0.3)
Native Hawaiian or another Pacific Islander 266 (0.2) 272(0.4) 116 (0.3)
Multiracial 45 (0.04) 22(0.03) 22(0.1)
Unspecified /Unknown Race? 120 83 37
Marital/ Partner Status
Yes 39,586 (47.8) 25,005 (46.2) 14,581 (50.7)
No 43,251 (52.2) 29,093 (53.8) 14,158 (49.3)
Unknown?@ 34,365 22,774 11,591
Residence
Metro 96,427 (82.3) 62,486 (81.3) 33,941 (84.2)
Urban 18,273 (15.6) 12,638 (16.4) 5635 (14)
Rural® 2602 (2.1) 1743 (2.3) 752 (1.9)
SEER Registry Region
East 46,493 (39.7) 30,100 (39.2) 16,393 (40.7)
South 27,611 (23.6) 18,585 (24.2) 9026 (22.4)
Midwest 11,048 (9.4) 7482 (9.7) 3566 (8.8)
West 32,050 (27.4) 20,705 (26.9) 11,345 (28.1)
% Poverty Indicator Census Tract (Quartiles)
Highest Poverty Rate (20% to 100%) 22,622 (21.6) 14,074 (20.6) 8548 (23.3)
Upper Middle Poverty Rate (10% t0<20%) 27,919 (26.6) 18,005 (26.4) 9914 (27.1)
Lower Middle Poverty Rate (5% to <10%) 32,535 (31) 22,511 (31.5) 11,024 (30.2)
Lowest Poverty Rate (0% to <5%) 21,743 (20.7) 14,606 (21.7) 7137 (19.5)
Unknown? 12,383 8676 3707
Neighborhood SES (U.S.-based Quantile)
Lowest SES 19,768 (17.5) 13,608 (18.3) 6413 (16.1)
Lower Middle SES 21,221 (18.8) 14,392 (19.4) 6990 (17.6)
Middle SES 21,869 (19.4) 14,532 (19.6) 7538 (18.9)
Upper Middle SES 24,393 (21.6) 15,773 (21.3) 8771 (22)
Highest 25,856 (22.9) 15,894 (21.4) 10,085 (25.3)
Unknown? 4068 2673 1427
Modified Charlson Comorbidity Score Index (COPD is excluded)®
0 50,054 (42.7) 28,611 (37.2) 21,443 (53.2)
1 28,928 (24.2) 19,118 (24.9) 9180 (22.8)
2 16,560 (14.1) 11,893 (15.5) 4666 (11.6)
3+ 22,290 (19) 17,249 (22.4) 5041 (12.5)

(Continued on next page)
For personal use only. Permission required for all other uses.

journal.copdfoundation.org | JCOPDF © 2024 Volume 11 ¢ Number 4 « 2024



Claims for AECOPDs One Year Before Lung Cancer Diagnosis

390 COPD With Lung Cancer in Older Adults

Yes 24,245 (20.7) 19,595 (25.5) 4650 (11.5)

No 92,957 (79.3) 57,277 (74.5) 35,680 (88.5)
Health Care Utilization in the One Year Before Lung Cancer Diagnosis, Number of Visits Mean (SD)

Emergency Department Visit-Days 1(1.8) 12(2) 0.6(1.1)

Outpatient Visit-Days 27.8 (25.7) 31.2(27.3) 21.1(20.6)

Inpatient Days 0.6 (1.1) 0.7(12) 0.3(0.7)
Cancer Diagnosis Year

2008-2012 62,441 (53.3) 40,174 (52.3) 22,267 (55.2)

2013-2017 54,761 (46.7) 36,698 (47.7) 18,063 (44.8)
Tumor Histology

Non-small Cell Lung Cancer 92,205 (78.7) 59,004 (76.8) 33,201 (82.3)

Small Cell Lung Cancer 14,177 (12.1) 9546 (12.4) 4631 (11.5)

Other Lung Cancer 10,820 (9.2) 8322 (10.8) 2498 (6.2)
SEER Summary Stage

Localized 25,121 (22.8) 17,910 (25) 7211 (18.6)

Regional 27,199 (24.6) 17,410 (24.3) 9789 (25.3)

Remote 58,106 (52.6) 36,406 (50.8) 21,700 (56.1)

Unknown? 6776 5146 1630
Early vs. Late Stage at Diagnosis

Early Stage 25,121 (22.8) 17,910 (25) 7211 (18.6)

Late Stage 85,305 (77.2) 53,816 (75) 31,489 (81.4)

Unknown? 6776 5146 1630
Source of Index Date

Earliest Lung Cancer-Related Claim 106,993 (91.3) 69,106 (89.9) 37,887 (93.9)

Imputed as 15th of the SEER Month 10,209 (8.7) 7766 (10.1) 2443 (6.1)

aUnknown / missing data were not included in calculations of percentage.

DNumber of patients with unknown recorded residence were less than 11 and thus were added to the rural category without changing the category percentage.

CCOPD was excluded from the CCl to compare between patients with and without COPD.

COPD=chronic obstructive pulmonary disease; SD=standard deviation; SEER=Surveillance, Epidemiology and End Results; SES=socioeconomic status; AECOPDs=acute exacerbations of COPD; CCl=Charlson

Comorbidity Score Index

Table 3. Association Between COPD Diagnosis Timing (Preexisting Versus Concurrent) and Stage

of Lung Cancer at Diagnosis (Early Versus Late)

Adjusted Models Prevalence Ratio (95% Cl) CLR Prevalence Difference (95% Cl) CLD
Age-Adjusted Model 1.34 (1.3110 1.38) 1.05 0.063 (0.057 to 0.069) 0.01
Fully Adjusted Model? 1.27 (1.23 10 1.30) 1.06 0.048 (0.040 to 0.055) 0.01

aFully adjusted model for age at cancer diagnosis, sex, socioeconomic status (SES), year of cancer diagnosis, SEER Registry Region, Charlson Comorbidity Score Index, and health care utilization days during the

one year before lung cancer diagnosis at inpatient, outpatient, emergency department settings.

CLR=UCL /LCL; CLD=UCL minus LCL

COPD-=chronic obstructive pulmonary disease; Cl=confidence interval; CLD=confidence limit difference; CLR=confidence limit ratio; LCL=lower confidence limit; SES=socioeconomic status; SEER=Surveillance,

Epidemiology, and End Results. UCL=upper confidence limit

critical implications such as decreased motivation to quit
smoking, progression of the disease, decreased eligibility for
lung cancer surgical treatment, and increased health care
utilization.#® However, previous studies3447 reported that
the majority of patients with comorbid COPD have mild to
moderate severity of airflow limitation which make them
eligible for surgical treatment when their lung cancer is
diagnosed at an early stage.

Strengths and Limitations

We used the large population-based data of SEER-Medicare
which represent ~40% of the U.S. population 65 years and
older and include populations of diverse racial and SES

backgrounds. Our findings of a positive association between
COPD diagnosis timing and stage of lung cancer are novel and
should inform ongoing research for early detection of lung
cancer. However, our study is not without limitations. First,
our use of medical claims to identify COPD diagnoses could
be prone to misclassification. To minimize misclassification
bias, we used a diagnosis algorithm with a sensitivity of 85%
and a specificity of 78.4% used across multiple settings.48
Second, it is impossible to know for certain that the earliest
ICD code observed during the study period reflects incident
COPD diagnosis. Therefore, we limited our study population
to those with at least 3 years of continuous enrollment
to capture all possible health care encounters before the
lung cancer diagnosis. Our approach aligns and improves
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Figure 3. Relative Association Between COPD Diagnosis Timing (Pre-existing versus
Concurrent) and Stage of Lung Cancer at Diagnosis (Early versus Late), Overall and by Sex,
Race/Ethnicity, and Socioeconomic Status

Null - Main Estimate

Female (n=59,282) e
Male (n=57,920) ** - i o
NHWs (n=101,176) - i -
NHBs (n=7,721) ** | e
Hispanic (n=4,104) ** — i : . |
Asian (n=3,395)** | F—e—
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Low SES (n= 21,221) ** 1 : |
|

| | | | |
0.80 1.05 1.30 1.55 1.80

Prevalence Ratio (95% CI)

NHWs=non-Hispanic Whites; NHBs=non-Hispanic Blacks; AIAN=American Indian/Alaskan Native; NHPI=Native Hawaiian or Pacific Islander; SES=socioeconomic status

Figure 4. Absolute Association Between COPD Diagnosis Timing (Pre-existing versus
Concurrent) and Stage of Lung Cancer at Diagnosis (Early versus Late), Overall and by Sex,
Race/Ethnicity, and Socioeconomic Status

MNull - Main Estimate
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Prevalence Difference (95%
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) NHWs=non-Hispanic Whites; NHBs=non-Hispanic Blacks; AIAN=American Indian/Alaskan Native; NHPI=Native Hawaiian or Pacific Islander; SES=socioeconomic status

upon SEER-Medicare recommendations of requiring at  might better explain the association between the timing of
least 2 years of claims data to conclude evidence of a first ~a COPD diagnosis and stage of lung cancer at diagnosis.
diagnosis of chronic conditions such as COPD.49 Third, = However, we adjusted for other important confounders that
we lacked data about COPD severity and smoking which  might contribute to this association such as health care
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utilization during the year before the lung cancer diagnosis
and comorbidities. In addition, we conducted a simple
quantitative bias analysis for unmeasured smoking and
COPD severity, and it did not fully account for the measured
association (Online Supplement).

Conclusions

Approximately 7 out of 10 patients with lung cancer in the
United States had comorbid COPD; of whom one third did not
receive their COPD diagnosis until around the time of their
lung cancer diagnosis. A timely COPD diagnosis is associated
with early-stage lung cancer at diagnosis, especially among
high-risk populations such as racial minorities in the United
States. Our findings add to the growing body of evidence
about the importance of a timely COPD diagnosis to achieve
an carlier stage of lung cancer diagnosis and better patient
outcomes.
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